Abstract. To verify target organ(s) of leptin in the reproductive system of the Japanese black bear, we examined the expression of leptin receptor (Ob-R) protein in ovaries and uteri collected from July to December 2006 by immunohistochemical techniques. Eleven of 22 female Japanese black bears examined had corpora lutea (CLs) in their ovaries and were thought to have undergone or to have terminated delayed implantation in the early pregnancy stage. The CLs were classified into 3 types based on morphological features. The maximum diameters of Type 1 CLs ranged 3 to 7 mm, and the luteal cells contained numerous vacuoles in the cytoplasm, which suggests that this type of CL was functional. The maximum diameters of Type 2 CLs were approximately 7 mm, and the luteal cells contained fewer vacuoles in the cytoplasm, which suggests that this type of CL was in the early stage of regression. Finally, the maximum diameters of Type 3 CLs were approximately 1 mm, and these CLs contained collagen fibers among their luteal cells, which suggests that this type of CL had regressed. The 3 types of CLs showed different reactions to Ob-R, with positive staining in Type 1, much less positive staining in Type 2 and nearly negative staining in Type 3. In bears having CLs with functional and regressive features (Type 1 and 2 CLs), Ob-R was also immunolocalized in the developed glandular and ductal endometrial epithelium. In contrast, the Ob-R was absent in the undeveloped endometrial epithelium in bears with regressed (Type 3 CLs) or no CLs. These findings suggested that leptin directly targets CLs and the endometrium so as to develop and maintain them during the delayed implantation period in Japanese black bears.
black bears, as well as other species of Ursidae, have a unique reproductive characteristic known as delayed implantation. Implantation occurs between late November and early December (around the beginning of hibernation), even though their mating season is from May to August [27] . Since pregnant females produce cubs and start lactation during hibernation, fat accumulation is very important for their survival and that of their offspring. Previously, it has been suggested that hard nut production and/or fat stores in autumn affects to the reproductive success of female bears [28] [29] [30] [31] [32] [33] . Rogers [28] speculated that female black bears might somehow assess their body fat stores, thus preventing implantation when their reserves are too low to meet the metabolic demands of gestation and lactation during the denning period. However, this has not yet been clarified physiologically. The success or failure of reproduction is surely determined by some signals that relate to the maternal nutritional condition or that originate directly from adipose tissue. We suspect that leptin is probably one such signal, since it has been indicated to act as the critical link between adipose tissue and the reproductive system. Recently, we suggested that leptin levels might serve as an indicator of the fat mass developed by accumulation during the pre-hibernation period [34] . We now hypothesize that leptin might directly induce positive or negative actions to determine reproductive success depending on fat mass accumulation. Expression of Ob-R in reproductive organs would strongly suggest that leptin directly affects the reproductive systems of Japanese black bears. Therefore, the present study, we examined the expression of the Ob-R protein in the ovaries and uteri of wild Japanese black bears using immunohistochemical techniques.
Materials and Methods

Materials
Ovaries and uteri were collected from 22 wild female Japanese black bears that were all legally killed for damage control in Gifu or Fukushima Prefecture, Japan, in July (n=2), August (n=6), September (n=3), October (n=7), November (n=3) and December (n= 1) 2006. The bears' ages were determined by interpretation of tooth cementum annuli, with animals 4 years of age and older being considered sexually mature [35] . As soon as possible after the bears were killed, their ovaries and uteri were fixed in 10% buffered formalin solution. Ovaries were cut into slices less than 4 mm thick along the long axis. Uteri were cut out in the center region (approximately 4 mm in thickness) of uterine horn. After fixation, these tissue samples were dehydrated in an ethanol series and embedded in paraffin.
Western blot analysis
For western blot analysis of Ob-R protein, we extracted proteins from the ovary and uterus sample paraffin blocks of bear No. GR02 using a Qproteome FFPE Tissue Kit (Qiagen, Valencia, CA, USA). The sections of ovary contained corpora lutea (CLs). Protein concentrations were measured with a protein assay kit (DC Protein Assay; Bio Rad Laboratories, Hercules, CA, USA), and 10 μg of each protein was subjected to SDS-PAGE. Proteins were transferred electrically to a nitrocellulose membrane (Hybond-C; Amersham, Buckinghamshire, UK). After overnight blocking with 2% skim milk at 4 C, the membrane was incubated overnight at 4 C with anti-mouse Ob-R rabbit IgG (M-18; 1: 2,500; Santa Cruz Biotechnology, Santa Cruz, CA, USA). The membrane was subsequently incubated with a second antibody and then subjected to a chemiluminescent reaction using a Lumi-Light plus Western Blotting Kit (Roche Diagnostics, Mannheim, Germany). The luminescence was detected by exposure to X-ray film.
Histology and immunohistochemistry
Approximately 4 μm-thick sections were cut from the paraffin blocks and mounted onto a APS (aminopropyltriethxysilane)-or MAS (Matsunami Adhesive Silane)-coated slide glass (Matsunami, Osaka, Japan). For histological observation of ovaries and uteri, sections were stained with hematoxylin-eosin or Masson's trichrome stain. For immunohistochemistry, sections were dewaxed and hydrated through a graded series of ethanol and were treated with the Target Retrieval Solution High pH (Dako, Glostrup, Denmark) at 95 C for 40 min for antigen retrieval. Endogenous peroxidase activity and non-specific staining were blocked with methyl alcohol containing 3% hydrogen peroxide and 2% normal goat serum (Vector Laboratories, Burlingame, CA, USA) at RT for 15 and 30 min, respectively. The sections were then incubated with primary antibody (M-18; 1:400 for ovaries and 1:1,000 for uteri; Santa Cruz Biotechnology) overnight at 4 C. The primary antibody was washed off, and the sections were then incubated with EnVision+ Rabbit/HRP (Dako) for 30 min at RT, and visualized with an EnVision+kit /HRP (DAB; Dako). Finally, the reacted sections were counterstained with haematoxylin solution (Wako, Osaka, Japan). The control sections were treated with normal rabbit serum (Vector Laboratories) instead of the primary antibody. The intensity of staining against Ob-R were graded as positive, slightly positive or negative.
Results
Western blot analysis of Ob-R
Immunoblot analysis was carried out to assess the specificity of the anti-mouse Ob-R rabbit IgG. A single specific band of approximately 100 kDa was identified in both the ovary and uterus ( Fig.  1) , although other minor non-specific bands were also detected.
Histological observation and immunohistochemical analysis of Ob-R in ovaries and uteri
The results of histological observation and immunohistochemical analysis of Ob-R for both the ovaries and uteri from the 22 Japanese black bears are shown in Tables 1 and 2 , respectively. The control sections for immunohistochemical analysis, treated with normal rabbit serum in place of the primary antibody, revealed no positive staining.
Eleven out of the 22 Japanese black bears possessed CLs in their ovaries in July (n=2), August (n=4), September (n=2), October (n= 2) and November (n=1; Table 1 ). These CLs were classified into 3 types based on morphological and histopathological features, including size of the CL and number of vacuoles. Large CLs (approximately 6 to 7 mm in maximum diameter), except for Bear No. FB04, observed between July and September were considered to be Type 1. These CLs consisted of radially-arranged luteal cells containing numerous vacuoles. Blood vascular systems were also found among the luteal cells ( Fig. 2A) Within the CL, Ob-R was localized in the cytoplasm of luteal cells. Strong positive reactions against Ob-R were detected in the luteal cells of CLs collected from July to September (Fig. 2D) . On the other hand, three CLs observed in October showed only slightly positive staining against Ob-R in the luteal cells (Fig. 2E) . In November, the luteal cells of Bear No. YM03 exhibited a nearly negative reaction to Ob-R (Fig. 2F) .
In the present study, well-developed uterine glands were observed in 10 Japanese black bears collected from July to October, and CLs were found in the ovaries with the exception of those of Bear No. YM03 (Table 1) . Most of the endometrium was occupied by the uterine gland, and the glandular epithelial cells were tall, with the nuclei located in their basal areas (Fig. 3A) . The undeveloped endometrium, on the other hand, contained a small number of uterine glands than was seen in the other bears (Fig. 3B) . Positive staining of Ob-R was found in the developed glandular and ductal endometrial epithelium. The glandular epithelium tended to show stronger staining than the ductal epithelium in some uteri (Figs. 3C and D) . We did not observe any positive staining against Ob-R in the undeveloped endometrial epithelium (Fig. 3D) .
Discussion
Before the immunohistochemical analysis using the primary antibody against Ob-R (M-18), we confirmed the cross-activity of this antibody with the Japanese black bear Ob-R in the ovary and uterus by western blot analysis. Zerani et al. [12] indicated that rabbit luteal extract yields a strong band at 99 kDa using IgG raised against the same peptide of Ob-R as M-18 in Western blot analysis. In this study, we observed an almost identical molecular weight band in the ovary and uterus of the Japanese black bear, thus confirming that the primary antibody could detect Ob-R protein.
In Hokkaido brown bears (Ursus arctos yesoensis) [36] and Jap- [37] , it has been indicated that there is an obvious positive relationship between the presence of an embryo and the development of uterine glands. In the present study, 11 of the 22 Japanese black bears had CLs in their ovaries, and most of these 11 bears exhibited the developed features of uteri similar to those in previous reports concerning the histological appearance of uteri during the delayed implantation period. Thus, we suspect that these 11 bears underwent delayed implantation at least for some period after fertilization during the breeding season regardless of the fact that no unimplanted embryos were detected in the uterine lumen because the uteri were fixed in formaldehyde solution before they were flushed to recover embryos. The morphological characteristics of the CL indicate numerous vacuolations in the luteal cells of American black bears in summer [38] and in those of Hokkaido brown bears with embryos in their uteri during the pre-implantation period [36] . Wimsatt [38] also demonstrated that the maximum diameter of the CLs of American black bears collected from June to September varies from 4 to 8 mm, while that of CLs collected in December are much larger, averaging 9 to 10 mm. Katayama et al. [35] indicated that CLs formed in the previous year contain degenerated luteal cells and that most of them disappeared. Considering from those morphological and histopatological observations in present study, such as vacuolations in luteal cells, diameter of CLs, less of blood vascular systems in Type 2 CLs and pyknosis in Type 3 which might lead to alteration and atrophia followed by disappearance, the CLs of Type 1, Type 2 and Type 3 were respectively regarded morphologically as functional, in the early stage of regression and regressed even though they formed in this study year. The different types of CL showed different reactions to Ob-R, with positive staining for Type 1 (functional CLs), slightly positive staining for Type 2 (in the early stage of CL regression) and nearly negative staining in Type 3 (regressed CLs). These results were compatible with a previous report showing that Ob-R mRNA and/or protein expression differ during the estrus cycle in pigs, with the greatest expression in the early or mid-luteal phase and the lowest expression in the regressed CL [6] . The present study also suggested that leptin directly acts on luteal cells containing Ob-R to develop and maintain the CL during the delayed implantation period in Japanese black bears.
In previous reports, CLs were observed in autumn (from October to December) in pregnant Hokkaido brown bears [36] and Japanese black bears [37] . In the present study, no ovaries containing CLs were collected later than 26 October 2006, except for an ovary containing regressed CLs from Bear No. YM03. On the other hand, 90% of ovaries collected from July to late October contained CLs (Table 1) . As discussed earlier, the CLs of Bear No. YM03 seem to have formed and regressed in this year, 2006. Considering the poor harvest of beech (Fagus crenata) masts, a staple food [21, 22] for Japanese black bears in accumulation of fat mass for hibernation in autumn [23, 24] , in most areas of Japan in 2006 [39], we assumed that the nutritional conditions of Japanese black bears in autumn were not good. Since we demonstrated that white adipose tissue secretes leptin protein into the blood of Japanese black bears [34] , the serum leptin levels also might not have been high enough or sufficient in the autumn of 2006. Thus, if the Ob-R in CLs did not receive enough leptin, which could be secreted from adipose tissue, regression of CLs might occur. In fact, regressing and regressed CLs were found in the ovaries of 3 bears (Bear Nos. SG02, SG05 and YM03), and no CLs were found in the ovaries of some bears (Bear Nos. IK01, NK01, NK02, SK01 and MN03) after 26 October that year. Leptin and Ob-R mRNA and/or proteins have been detected in the blastocysts and endometrial cells of humans and mice [10, 13, 14, 17, 40] . It has been suggested that the endometrium might require leptin in order to develop into receptive tissue ready for implantation of a blastocyst in the early to mid-luteal phase [13, 14] . Other studies have suggested that the blastocyst and endometrium might communicate at the time of implantation through the leptin system [10, 40] . In the present study, Ob-R proteins were observed in the developed endometria of 10 Japanese black bears that had functional CLs or CLs in the early stage of regression in their ovaries. Based on these findings, the preimplantation embryos and their leptin secretion are apparently needed for development of the endometrium and maintenance of its function.
In conclusion, the present study demonstrated immunolocalization of Ob-R in the cytoplasm of the luteal cells of functional and regressing CLs and epithelial cells in the developed uterine glands of the endometrium during the delayed implantation period and that there was no positive staining in regressed CLs and undeveloped uterine glands in the Japanese black bear. These findings suggested that leptin directly targets reproductive organs, such as the uterus and ovary, in pregnant Japanese black bears. 
